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annealing" approach for the fabrication of uniform porous MMO hollow spheres. The size and shell thickness of the as-obtained hollow spheres can be adjusted by the carbohydrate sphere templates and the solution concentration. Electrochemical measurements of the MMO hollow spheres demonstrate excellent supercapacitive properties, which may be due to the small size, ultrathin shells and fine porous structure.
INTRODUCTION
Transition metal oxides have been considered to be promising electrode materials for energy storage devices such as electrochemical capacitors (ECs), fuel cells (FCs) and lithium ion batteries (LIBs). Among them, cobalt oxides exhibit outstanding anodic performance. [1] [2] [3] [4] Nevertheless they often suffer from high cost and toxicity, as well as poor conductivity. To solve these problems, much effort is being directed towards the fabrication of cheap and eco-friendly mixed metal oxides (MMOs) like ZnCo 2 MMO present higher electrochemical activity than their corresponding single metal oxides. [13] [14] [15] [16] Unfortunately, poor conductivity and structural collapse are still severe weakness that limit full electrochemical reactions, resulting in fast capacity decay. Many approaches, such as controlling nanostructures [17] [18] [19] [20] and synthesizing MMO/Ni substrates [21] [22] [23] and MMO/carbon hybrids [24] [25] [26] have been developed to further improve their electrochemical performance.
Hollow spheres, especially those with porous nanostructures, have attracted numerous research efforts in the energy storage field. Compared with the same-sized solid nanomaterials, hollow spheres deliver short ion diffusion paths, abundant active sites for reactions, and plentiful buffer space to accommodate volume changes during charge-discharge processes. [27] [28] [29] In recent years, much effort has been directed towards exploring effective strategies for the fabrication of porous hollow spheres. Using carbohydrate spheres (CSs) as hard templates has been a popular method to prepare hollow spheres because they are simple in preparation yet effective in morphology controlling. 30 , 31 Zhang et al. prepared hollow mixed metal oxides with multiple shells by a "penetration-solidification-annealing" process. 32 The solidification process was carried out at 170 o C by refluxing to obtain M-glycolate-CSs precursor. Tian et al. prepared hollow ZnO by a hydrothermal process to obtain Zn-CSs precursor and a following annealing process to obtain ZnO product. 33 It should be noted that both the refluxing process and the hydrothermal process employed to obtain the M-CSs precursor suffer from high temperature and complicated processing. So, a facile and general strategy for fabricating porous MMO hollow spheres is highly desirable.
To solve this problem, we have developed a facile and general "ion adsorption-annealing" method which involves an ion adsorption process to prepare M-M-CSs precursor, combined with a subsequent calcination process to synthesize uniform porous MMO hollow spheres. In this method, the ion adsorption process was carried out at room temperature without any complex agents, precipitants, or surfactants, which makes it quite simple. Furthermore, the hollow structure, thin shell, and porosity endow the MMO samples with high specific surface area, good ion/electron transport properties, and volume buffer capability, which are all beneficial to the high discharge capacitance, excellent rate performance and long cycle life.
EXPERIMENTAL METHODS

Synthesis
The carbohydrate spheres template was prepared by the polymerization reaction of glucose under hydrothermal conditions at 180 o C for 10 h. 
Synthesis of porous
Materials characterization
Crystallographic information of the as-prepared precursors and MMO products was obtained by powder X-ray diffraction (XRD) analysis using a Rigaku D/Max-2500 with Cu Kα radiation (λ=0.15418 nm). The morphologies and structures of the as-prepared MMO hollow spheres were investigated by scanning electron microscopy (SEM, JEOL JSM-6700F), transmission electron microscope (TEM) and high-resolution TEM (HRTEM, Tecnai G2 F20). The element analysis of the as-obtained samples was evaluated using an energy dispersive X-ray spectroscopy (EDS, Oxford ISIS300). Thermogravimetric analysis (TGA) of the as-prepared Zn-Co-CSs precursor was conducted in air up to 700 ℃ on a Q5000 thermal analyzer (TA Instruments). Nitrogen adsorption-desorption isotherms of the MMO hollow spheres were carried out at 77 K on a Quantachrome Autosorb-IQ2 analyzer. Specific surface areas of the samples were measured by
Brunauer-Emmett-Teller analysis.
Electrochemical measurements
The working electrodes were fabricated from viscous slurry containing active materials (80 wt%), acetylene black (10 wt%) and polyvinylidene fluoride (PVDF, 10 wt%) in N- electrolyte. The two electrodes were separated using a polypropylene sheet. All electrochemical tests were performed at room temperature.
The specific capacitance C (F g -1 ) was derived from galvanostatic charge-discharge curves using Eq. (1):
where I (A), ∆t (s), m (g) and ∆V (V) represent the charge/discharge current, the discharge time, the mass of electroactive material and the working voltage window, respectively. The energy density E (Wh kg -1 ) and power density P (W kg -1 ) is calculated from the following formulas:
where
is the specific capacitance of the ASC device, ∆V (V) indicates the working potential window and ∆t (s) denotes the time for full discharge.
RESULTS AND DISCUSSION
Material characterization and probable formation mechanism
The "ion adsorption-annealing" process for porous MMO hollow spheres is illustrated in 
Supercapacitive performances
The supercapacitive properties of the MMO electrodes were evaluated in a three-electrode reactions. The reversible conversion in accordance with the well-defined redox peaks may be described as follows: Cycling stability and energy deliverable efficiency are also critical parameters for supercapacitors. As shown in Figure 5d , the Coulombic efficiency is as high as 98% even after 2300 charge-discharge cycles, demonstrating excellent kinetic reversibility and good cycling stability of the porous ZnCo 2 O 4 hollow spheres. It is observed that the discharge specific capacitance gradually increases in the initial 600 cycles. The increase of capacity may be material with a large surface area, which implies a large contact area for electrode and electrolyte, and abundant electroactive sites for the redox reactions. On the other hand, they effectively help to accelerate the transportation/diffusion of electrons and ions, implying fast kinetics.
Furthermore, the cavities resulting from the hollow structure and porous structure could significantly buffer the stress emerged during the electrochemical reaction process. So, their unique structural properties endow the as-obtained ZnCo 2 O 4 hollow spheres with high discharge capacitance, excellent cycling stability and good rate performance as electrode materials for supercapacitors.
CONCLUSIONS
In summary, it has been demonstrated that the "ion adsorption-annealing" technique is very S-3 electrode increase with the scan rate, showing the behavior similar to that of an ideal capacitor. [1] The specific capacitances were calculated from the corresponding galvanostatic discharge curves ( Figure S6b ) in the range of -1.0 V to 0 V at various current densities. 
